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ing agents on 15 ISM plots, surveying an area of 92 a (are = 100 m2) in 1,640 minutes. By comparison, the UFMO 
method was used to survey an area of 518 a in 1,700 minutes. The performance of the ISM and the UFMO methods 
was 17.8 min/a and 3.28 min/a, respectively. According to the time/area performance measure, the UFMO method 
performed 5.4 times better than the ISM method. The UFMO method recorded 1.5 times more damaging agents per 
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part of the green infrastructure of cities, providing urban 
society with an essential range of goods and services, in-
cluding environmental, ecological, economic, and social 
functions, all of which contribute to sustainable develop-
ment (Nilsson et al., 2012). To manage an urban forest, it 
is vital to understand the resource. Monitoring is an inte-
gral component of programs that sustain healthy commu-
nity forests and is an early and essential activity for plan-




monitoring urban tree health, despite the fact that increas-
ing environmental awareness is influencing attitudes to-
wards urban trees, forests, and global health. 
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The only unified and integrated forest monitoring system 
that is currently in use is the International Co-operative Pro-















been established across Europe on a 16 × 16 km grid. The 
data taken in Level I plots include annual crown defoliation 
visible on a total of 10–24 trees. The sample plots and trees 







vary considerably. Furthermore, the spatial coverage and spa-
tial specificity of the systematic grid are inadequate when we 
want to focus on urban forest health problems along walking 
paths and roads, and on sparse but important damaging fac-
tors. Monitoring is an essential activity for management 
planning; however, we do not know if inventories are being 




formance is poor, and the number of direct management 
measures that can be acquired from the monitoring results 
is low. Therefore, one of the goals of this study was to de-
velop an economically feasible method for surveying urban 
forest health that will result in more direct management 
measures. 
Many of the functions of urban forests are recreational ac-
tivities, such as walking, jogging, and biking, which depend 
on green infrastructure, such as roads, walking paths, parks, 
and playgrounds (Arnberger, 2006). The paths are sur-
rounded by trees, which may represent an immediate secu-
rity risk to a visitor in the form of damaged trees and falling 
branches. Surveying urban forest health should also include 
walking paths and roads. However, ICP Forests is based on 
a systematic grid that covers only a small portion of these 




Forest tree diseases and other damaging agents are numer-




ever, cutting straight line transects through dense forest is 
time consuming and expensive when large areas need to be 
surveyed for rare or highly clustered damaging agents. Ex-
isting forest paths and roads may be suitable as line transects 





gens. More importantly, roads and trails receive much 
higher levels of public use than elsewhere within an urban 
forest, and consequently trees in the vicinity of roads and 
trails are more likely to be damaged or stressed as a result. 
Therefore, the use of existing paths involves bias resulting 






bardy  and  Urban  Forests  in  Slovenia  (LIFE10  ENV/
IT/000399), for comparison purposes and as a competitive 
alternative for assessing urban forest health. We named it 
the Urban Forest Management Oriented (UFMO) method 
(Ogris et al., 2013), and it is described in detail in the meth-
ods section below.
Our aim was  to compare  the efficiency of  the ISM and 
UFMO methods for monitoring tree health in urban forests. 
We predicted that the UFMO method would record more 
damage that might compromise the urban forest visitor’s 
security because we surveyed trees within the vicinity of for-
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2016). The second method was the UFMO method (Ogris 



























developmental stage of the stand, canopy closure, regen-
eration, naturalness, homogeneity of the stand, forest man-
agement, forest characteristics, and age of dominant trees. 
The following attributes of standing live trees were gathered 
(5): tree species, tree location (distance and azimuth), sta-











(% and area class in dm2), and management measure sug-
gested. Each tree could have several damaging agents. Fur-
thermore, the time needed for the plot inventory was re-
corded. 
UFMO method – UFMO metoda
Each UFMO plot was represented by a footpath, i.e. a non-
linear transect. The transect was recorded by a GPS track. 
Figure 1. ISM plots and UFMO tracks assessed for damaging agents in the urban forest of the Tivoli, Rožnik and Šiška Hill Landscape Park in Lju-
bljana in 2013
Slika 1. ISM plohe i staze UFMO na kojima je izvršena procjena štetnih čimbenika u urbanoj šumi Parka prirode Tivoli, Rožnik i Šiška u Ljubljani 2013. godine
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tween ISM and the UFMO method. As the methods are not 
directly comparable, special care was dedicated to finding 
appropriate and comparable measures. The performance 
was measured by the time used to assess a certain area 
(time/area), the amount of data recorded, the number of 
damaging agents determined, the number of trees assessed, 
the number of standing dead trees recorded, and the num-








The data gathered during this study are freely available at 




on 15 ISM plots. The performance time for the ISM and 
UFMO methods was 17.8 min/a and 3.28 min/a, respec-
tively. According to the time/area performance measure, 








agement measures (salvage cutting, pruning, sanitation cut-
ting, thinning, etc.). Visibly healthy trees were not consid-
ered. When a damaged tree was found, we recorded the GPS 






















Monitoring vs. Surveying – Monitoring : pregledi
In this paper monitoring refers to assessing a portion of a 
population to determine the condition of the resource, es-
pecially the change in the condition over time, and survey-
ing refers to a procedure conducted over a defined period 
to determine the characteristics of a population in a defined 
area at the time of the survey. Monitoring is performed re-
peatedly on the same sampling plots, whereas surveying is 
usually performed on the same sampling plot only once. 
The ISM method is a monitoring method, and the UFMO 
method is a surveying method. The UFMO method uses 
non-linear transects as sampling plots. Non-linear transects 
can be used in a monitoring method when they are chosen 
randomly, and the assessment procedure is repeated in a 
defined time. Unlike the ISM method, the UFMO method 
does not use a representative sample and should not be used 
to make inferences regarding the entire population. In our 
study, the ISM method was used as the survey method even 
though it is basically the monitoring method. 
Data analysis – Analiza podataka
The data analysis was focused on comparing the ISM and 
UFMO methods, i.e. a comparison of the performance be-
Table 1. Comparison of ISM and the UFMO method
Tablica 1. Usporedba između ISM i UFMO metode
Performance measure ISM UFMO
time (minutes) 1,640 1,700
area (are) 92.0 518.1
time/area (minutes/are) 17.8* 3.28*
data (n) 5,893 4,689
data (n/hour) 216 165
data (n/are) 64 9
damaging agents (n) 419 948
damaging agents (n/hour) 15.3 33.5
damaging agents (n/are) 4.6 1.8
trees (n) 260 730
trees (n/hour) 9.5 25.8
trees (n/are) 2.8 1.4
standing dead trees (n) 13 181
standing dead trees (n/hour) 0.5 6.4
standing dead trees (n/ha) 14.1 34.9
management measures (n)** 101 730
management measures (n/hour) 3.7 25.8
management measures (n/are) 1.1 1.4
*less is economically better; **categories of management measures were sani-
tation cutting, pruning, thinning, salvage cutting, and other tending
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2.2 times more damaging agents per hour, 2.7 times more 
trees per hour, and 13.4 times more standing dead trees per 
hour. It also suggested 7.0 times more management mea-
sures per hour. Therefore, the overall performance of the 
UFMO method exceeded the ISM method in all the chosen 
performance measures expressed in relative time except the 
amount of data gathered. Additionally, ISM performed bet-
ter for two measures expressed in relative area, i.e. ISM re-
corded 2.5 times more damaging agents per are and 2.0 
times more trees per are. Nevertheless, the UFMO method 
yielded 1.3 times more management measures per are, re-
corded 2.5 times more standing dead trees per hectare, and 




sts of agents (Table 2). The ISM method recorded mostly 
defoliating agents affecting the crown, such as Lophoder-
mium spp., Dryocosmus kuriphilus Yasumatsu (1951), and 
Diplodia pinea (Desm.) J. Kickx, whereas the UFMO met-
Table 2. Most frequent damaging agents recorded by the ISM and UFMO methods (number of trees ha–1)
Tablica 2. Najčešći štetni čimbenici zabilježeni metodama ISM i UFMO (broj stabala ha–1)
ISM UFMO
Lophodermium piceae (Fuckel) Höhn. 50.0 dead branches 36.1
Diplodia pinea (Desm.) J. Kickx f. 45.7 dead tree 31.5
Dryocosmus kuriphilus Yasumatsu, 1951 35.9 Cryphonectria parasitica (Murrill) M.E. Barr 23.7
Lophodermium Chevall. 31.5 silvicultural measure 11.2
Cryphonectria parasitica (Murrill) M.E. Barr 25.0 mechanical damage 10.8
Rhynchaenus quercus Linnaeus, 1758 18.5 weakening 4.8
light deficiency 16.3 Chalara fraxinea T. Kowalski 4.8
Erysiphe alphitoides (Griffon & Maubl.) U. Braun & S. Takam. 16.3 snowpacking 3.5
Defoliators 12.0 Erysiphe alphitoides (Griffon & Maubl.) U. Braun & S. Takam. 3.3
Apiognomonia Höhn. 12.0 leaning 3.1
Drought 9.8 cold crack 2.9
Tomicus minor Hartig, 1834 9.8 Rhytisma acerinum (Pers.) Fr. 2.7
Tomicus piniperda Linnaeus, 1758 8.7 windthrow 2.7
Rhynchaenus fagi Linnaeus, 1758 8.7 Lophodermium Chevall. 2.5
Tischeria ekebladella Bjerkander, 1795 5.4 Diplodia pinea (Desm.) J. Kickx f. 2.5
Figure 2. Influence of track length on the number of management measures and duration of survey using the UFMO method
Slika 2. Utjecaj duljine staze na broj mjera upravljanja i trajanje istraživanja metodom UFMO
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hod recorded mostly damaging agents requiring manage-
ment measures, e.g. dead branches (pruning), dead trees 
(salvage cutting), and Cryphonectria parasitica (Murrill) 
M.E. Barr (sanitation cutting). 
The track length had only a slight positive influence on the 
duration of the survey (p = 0.01) and the number of ma-

















UFMO methods, respectively (Table 3). Only 12 tree spe-
cies were the same for both methods. With the ISM met-
hod, Pinus sylvestris L., Picea abies (L.) Karst. and Quercus 
petraea (Matt.) Liebl. were the most frequent, representing 
65.9% of all trees surveyed. With the UFMO method, Qu-




all trees: Abies alba Mill., Acer platanoides L., Aesculus hip-
pocastanum L., Fraxinus excelsior L., Juglans regia L., Larix 
decidua Mill., Larix leptolepis (Siebold & Zucc.) Gordon, 
Prunus domestica L., Robinia pseudacacia L., and Salix spp. 
The ISM method recorded one tree species that the UFMO 
method did not detect: Tilia cordata Mill.
The results of the monitoring also comprised specific man-
agement recommendations suggested for the trees per 
Figure 3. Comparison between ISM and the UFMO method in the number of management measures suggested
Slika 3. Usporedba između ISM i UFMO metode u broju predloženih mjera upravljanja
Table 3. Ten most frequent tree species recorded by the ISM and UFMO 
methods (% of all trees inventoried)
Tablica 3. Deset najčešćih vrsta drveća zabilježenih metodama ISM i UFMO 
(% svih popisanih stabala)
ISM UFMO
Pinus sylvestris L. 23.4 Quercus petraea (Matt.) Liebl. 34.3
Picea abies (L.) Karsten 23.2 Castanea sativa Mill. 21.3
Quercus petraea (Matt.) 
Liebl. 19.3 Picea abies (L.) Karsten 19.1
Castanea sativa Mill. 16.2 Pinus sylvestris L. 8.6
Fagus sylvatica L. 6.9 Tilia platyphyllos Scop. 2.9
Quercus robur L. 4.1 Carpinus betulus L. 2.7
Acer pseudoplatanus L. 2.1 Acer pseudoplatanus L. 2.7
Tilia platyphyllos Scop. 1.4 Fraxinus excelsior L. 2.6
Alnus glutinosa (L.) Gaertn. 1.4 Alnus glutinosa (L.) Gaertn. 1.5
Tilia cordata Mill. 1.0 Prunus avium L. 0.8
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method (Table 4). The most frequently suggested manage-
ment measure  by  ISM method was  sanitation  cutting 
(68.3%), whereas for the UFMO method, the most frequent 
was salvage cutting (42.1%). Pruning was the second most 



















can recommend the UFMO method over ISM for survey-
ing urban forest health. When the purpose of surveying 
urban forest health is the detailed analysis of smaller areas, 
the ISM method is appropriate because it takes into a con-















needles, e.g. Dryocosmus kuriphilus, Erysiphe alphitoides 
and Lophodermium spp. Furthermore, the ISM method re-




noted for smaller areas, and the ISM method recorded more 
trees and more damaging agents per unit area. 











tative sample and should not be used to make inferences 
regarding the entire population. If the UFMO method was 
applied repeatedly through time in the same areas, it would 
give an idea of the change in the health status of urban trees 
through time and perhaps could be used to assess the ef-
fectiveness of management activities aimed at improving 
urban forest health. However, even with this application, 
the UFMO method would require the assumption that the 
changes in tree health in the areas being monitored (i.e. the 
areas immediately along trails) are representative of changes 
elsewhere within the urban forest if the results are to be 




estimate. In conclusion, the UFMO method is more appro-
priate for performing tree health surveys than for monitor-





Table 4. Summary of management measures suggested by the ISM and UFMO methods
Tablica 4. Sažetak mjera upravljanja predloženih metodama ISM i UFMO
Management measure ISM (%)* UFMO (%) ISM (n/ha) UFMO (n/ha) ISM (n/hour) UFMO (n/hour)
Pruning 0 25.6 0.0 36.1 0.0 6.6
Salvage cutting 13.9 42.1 15.2 59.3 0.5 10.8
Sanitation cutting 68.3 21.5 75.0 30.3 2.5 5.5
Tending 17.8 10.8 19.6 15.2 0.7 2.8
Total 100 100 109.8 140.9 3.7 25.8
*Percent of all management measures suggested by the method
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Assigning priority to tracks depends on the goal of the sur-
vey. The UFMO method was designed for use in urban 
forests where recreational, aesthetic, and health functions 
are most important. Therefore, it is reasonable to protect 
visitors from damaged trees that may fall or may harm the 




ISM and the UFMO methods spatially comparable. Fur-
thermore, ISM is designed to repeat the inventory on the 
same plots and to calculate trends from past measure-
ments.  If we want  to calculate  trends with  the UFMO 
method, we must monitor the same tracks in an agreed 
time span, and the tracks must be chosen randomly, oth-
erwise the results are biased and not representative of the 
whole population. Where  the whole population  in  the 
UFMO method does not actually mean the urban forest, 
but only the trees alongside the surveyed paths.




sponse to insects and pathogens. More importantly, roads 
and trails receive much higher levels of public use than 
elsewhere within an urban forest, and consequently trees 









vey along forest trails, the results are more useful for urban 
forest management  organisations which  are  generally 
more concerned about human safety than monitoring for-
est health. 
Because the UFMO method avoids patches of difficult ter-
rain (e.g. dense vegetation), the transects can be completed 
faster and with less man-power, thereby reducing the costs 
of monitoring  (Walters,  2010).  Although  the  UFMO 
method exceeded the ISM method in almost all chosen 
performance measures, the UFMO method still has several 
weaknesses. Typically, walking paths, roads, or game trails 
are chosen to represent the non-linear transect. This leads 
to bias in the habitat surveyed. Therefore, it is important 
to consider the focus of the monitoring before implement-
ing transects as the survey method and to plan transects 
accordingly. 
Both the ISM and UFMO methods record the causal agents 
of tree damage. However, the UFMO method looks one 
step ahead and only records the damage that requires man-
agement measures. This makes the UFMO method much 
more practical and directly linked with management plan-
ning. The UFMO method could be further improved if 
only the trees that require management measures were re-
corded. In addition, causal agents could be left out, i.e. only 
the GPS  location and management measure would be 
noted. If we want to gain deeper insight into urban forest 
health, an inventory of all damaging agents is not only de-
sirable but required. Taking photos of damaged trees and 
damaging agents is desired but not required. 
There are other methods available to detect and monitor 
urban tree damage, e.g. remote sensing using visible spec-
tre (Verlič, 2015; Verlič et al., 2015), remote sensing using 
a novel hyperspectral camera from a UAV or aircraft (Näsi 
et al., 2018), remote sensing using airborne laser scanner 




Hill  Landscape Park  in MOL by  involving  volunteers 
(Marinšek et al., 2018). The numerus  low-cost remote 










rior to these novel methods. 
In conclusion, the comparison results, in general, favoured 
the UFMO method and non-linear transects over ISM and 
a systematic grid for monitoring urban forest health. Al-
though the UFMO method demonstrated several advan-
tages over ISM in our study, there is still much room for 
improvement of the UFMO method. Finally, the decision 
about which method to use depends primarily on the pur-
pose of the surveying, which dictates the core design of the 
surveying method, and secondly on the economic perfor-
mance. Furthermore, the ISM monitoring method can be 
supplemented with the UFMO surveying method in order 



































































Remote sensing of bark beetle damage in urban forests at indi-
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SAŽETAK
Usporedili smo izvedbu dviju metoda praćenja zdravstvenog stanja urbanih šuma. Prva se temelji na 
sustavnoj mreži (ISM), a druga na nelinearnim transektima (UFMO). Obje metode testirane su tije-
kom srpnja i kolovoza 2013. u urbanoj šumi Rožnik u općini Ljubljana (MOL). Procijenili smo stanje 
krošanja i štetnih čimbenika na 15 ISM ploha, istražujući površinu od 92 a u 1.640 minuta. Metoda 
UFMO korištena je za ispitivanje površine od 518 a za 1.700 minuta. Performanse ISM-a i UFMO 
metoda bile su 17,8 min/a odnosno 3,28 min/a. U skladu s mjerenjem performansi vremena/površina, 
UFMO metoda je provedena 5,4 puta brža od ISM metode. Metoda UFMO zabilježila je 1,5 puta više 
štetnih čimbenika po satu, 2,7 puta više stabala po satu i 13,4 puta više mrtvih stabala po satu. Također 
je predloženo 7,0 puta više mjera upravljanja po satu. Međutim, gustoća prikupljenih podataka bila je 
7,1 puta veća za ISM metodu. Prema odabranim mjernim pokazateljima, ukupna uspješnost metode 
UFMO premašila je ISM metodu u svim odabranim mjerama uspješnosti izraženim u relativnom vre-
menu, osim količine prikupljenih podataka. Zaključujemo da, za isti trošak uzorkovanja, ISM pristup 
proizvodi nepristranu, ali nepreciznu procjenu ukupnog zdravlja šuma, dok metoda UFMO daje pri-
stranu ali precizniju procjenu. Raspravljamo o mogućim poboljšanjima i daljnjim ograničenjima 
UFMO metode s naglaskom na razlike između dviju metoda praćenja zdravstvenog stanja šuma. Za-
ključujemo da se metoda praćenja ISM može dopuniti metodom mjerenja UFMO kako bi se iskoris-
tile potencijalne prednosti kombiniranja oba pristupa.
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